INTRODUCTION
Calcium regulation is fundamental in many cellular functions, including cell growth, electrical activity, neurotransmitter release, excitation-contraction coupling and muscle contraction [1] . In particular, intracellular Ca 2 + serves a crucial role in the synaptic plasticity of the vertebrate CNS [2] . The concentration of free intracellular calcium ([Ca 2 + ] i ) in excitable cells is determined primarily by two factors, calcium dynamics between the cytoplasm and extracellular environment, and calcium dynamics between internal calcium stores and the cytoplasm. In the enzymatically dissociated retinal horizontal cells, [Ca 2 + ] i is affected by the activation of Ca 2 + -permeable AMPA receptors, the opening of voltage-dependent Ca 2 + channels, the control of Na + / Ca 2 + exchanger, and the regulation of Ca 2 + pump [3] [4] [5] . It was also found in teleost retina that horizontal cells contained ryanodine-sensitive non-mitochondrial intracellular calcium stores, which could further generate Ca 2 + -release induced by Ca 2 + entering through the plasma membrane [6, 7] . In the present study, Ca 2 + signals induced by exogenously applied AMPA were investigated on freshly dissociated horizontal cells of the carp retina using fura-2 based Ca 2 + -imaging technique. To explore possible effects that intracellular calcium store might exert on the Ca 2 + regulation in retinal horizontal cells, a compartmental model was constructed, and the model output was compared to the experimentally observed AMPA-triggered calcium dynamics.
MATERIALS AND METHODS
Cell isolation: Horizontal cells were enzymatically dissociated from retinas of adult carp (Carassius auratus, 15-20 cm body length) [8] . The eyes were enucleated and hemisected after the fish had been decapitated. Isolated retina was cut into 8-12 pieces and incubated for 20 min at room temperature in 4 ml Hank's solution (see below) containing 25 U/ml papain (E. Merck) activated by 1 mg/ml L-cysteine (Bo'ao, Shanghai). After rinsing the retinal pieces were stored in the Hank's solution at 41C until being used. To obtain dissociated horizontal cells, the retina pieces were gently triturated with fire-polished glass pipettes in Ringer's solution.
Intracellular Ca
2 + concentration measurement: [Ca 2 + ] i was measured using a fura-2 imaging system. Fura-2/AM (Sigma) was dissolved in dimethyl sulfoxide (DMSO, 5 mM stock solution) and added to the cell suspension at a final concentration of 5 mM. The cells were incubated at room temperature for 10 min to allow for adherence and fura-2 loading. The cells were then continuously superfused with Ringer's solution at a rate of 1 ml/min for 10 min prior to experiment. The horizontal cells, identified as cone dominant type [8] , were examined. Excitation light at 340 nm and 380 nm for Ca 2 + imaging was supplied by a high speed scanning polychromatic light source (Hamamatsu, Japan). The 340 nm and 380 nm wavelength lights were given alternately, and relevant fluorescence image pairs (F 340 [9] . In these processes, rel is mediated by ryanodine-sensitive intracellular store, whereas fil is determined by the sarco-endoplasmic reticulum Ca 2 + -ATPase (SERCA) activity. These changes can be equated as follows:
where c¼0.6 is the ratio between the effective volumes of ER and cytosol [10] .
The components relevant to [Ca 2 + ] i regulation by ER ( rel , fil , and leak ) can be described by the following equations [11, 12] :
Carp retinal horizontal cells exclusively express AMPA subtype of glutamate receptors, which could be Ca 2 + -permeable [4] . The rate of Ca 2 + -influx via AMPA receptor can thus be described as follows: channel VGCC can be equated as:
where m 5 and h 5 are the activation and the inactivation variables, respectively; a m5 and b m5 are forward and backward rate coefficients, respectively [13] . Since the voltagegated Ca 2 + channel is known to be inactivated by [Ca 2 + ] i [5] , thus h 5 is dependent on [Ca 2 + ] i , with k 5 being the half inactivation constant.
To calculate the membrane potential of the isolated cell, the relationship between the bath-applied AMPA concentration and the membrane potential of horizontal cells can be described as follows:
which was based on the dose-response properties of the isolated horizontal cell [8] . The Hill coefficient n is set as 2.2. The rate of Ca 2 + efflux across plasma membrane is due to the activity of Ca 2 + pump ( pump ) and Na + /Ca 2 + exchanger ( ex ) [3] , which can be described as:
where F, R and T are the Faraday constant, the gas constant and the absolute temperature, respectively. [Ca 2 + ] i is regulated by a Ca 2 + buffer:
where buffer Â Ã f and Ca 2þ buffer Â Ã are concentrations of the free buffer and the Ca 2 + -bound buffer, respectively [14, 15] . 
RESULTS
AMPA-triggered [Ca 2 + ] i dynamics: During the application of 100 mM AMPA, [Ca 2 + ] i was transiently increased to a peak level, which was followed by a gradual decrease back to a steady level. It is shown that the ratio value was quickly increased from 0.28 to 1.03 after the application of AMPA, and then returned to 0.70 over a period of 2 min (Fig. 2a) .
AMPA receptors on horizontal cells desensitize rather rapidly [8] , which may help to prevent excessive Ca 2 + entering into the cells. CTZ, a chemical which blocks the desensitization of AMPA receptors, was thus applied at a concentration of 50 mM [16] . The application of 100 mM AMPA, in the presence of 50 mM CTZ, induced an initial overshoot of [Ca 2 + ] i wherein the ratio value increased from 0.32 to 0.89 (Fig. 2b) (Fig. 3a) . At the same time, [Ca 2 + ] ER gradually decrease from the resting level of 242 mM to the steady level of 47 mM (Fig. 3b) . As shown in Fig. 3c-d 
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[Ca 2 + ] i dynamics, the initial value of v 1 was set to be zero to simulate the inhibition of ryanodine receptors. As illustrated in Fig. 3e -h, when AMPA was applied to the horizontal cell in which the ryanodine receptor was blocked (v 1 ¼0), [Ca 2 + ] i directly increase to 0.77 mM lacking the initial spike (Fig. 3e) .
[Ca 2 + ] ER was increased by the continual uptake of SARCA, from about 250 mM to 300 mM (Fig. 3f) . These results suggest that calcium store is significantly involved in shaping [Ca 2 + ] i transient induced by AMPA in horizontal cells. Compared with those under the normal condition, when ryanodine receptor was blocked, Ca 2 + flux via plasma membrane did not change distinctly (Fig. 3c,g ), but the CICR was effectively inhibited (Fig. 3d,h ).
Experiments were also performed to confirm the role of Ca 2 + store in the [Ca 
DISCUSSION
The ER in neuronal cells appears to be a continuous system that extends throughout the neuron. The release of Ca 2 + from the ER store upon stimulation regulates a variety of cellular events and processes, such as neuronal excitability and synaptic plasticity. Among the factors, Ca 2 + itself is capable of triggering Ca 2 + release from the ER store by activating ryanodine receptors present in the ER membrane [18] . Previous studies demonstrated the existence of ryanodine-sensitive intracellular calcium stores in retinal horizontal cells [6, 7] . AMPA induced a transient phase of (Fig. 4) 
